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By Alexander D.  Hammond 

SUMMARY 

Some of the   resu l t s  of several of the  more recent   invest igat ions 
m a d e  i n   t h e  Langley 7- by  10-foot  tunnels are p r e s e n t e d   t o   i l l u s t r a t e  
the  magnitude and d i s t r ibu t ion  of the  addi t ional   loads on wings r e su l t i ng  

there  i s  no known pure  theoret ical  method for  determining  the magnitude 
or the   point  of application of the  addi t ional  load due to   spoi le r   p ro-  

desired  configuration  can  be  used t o  estimate  with a fair  degree  of 
accuracy  the  additional  loads  associated  with  spoiler-type  controls. 

1 from project ion of spoiler-type  controls.  The r e s u l t s  show that,   al though 

1 j ec t ion  on a given wing, wind-tunnel test da t a  on wings c lose   t o   t he  
1 

INTRODUCTION 

The spo i l e r  i s  being  used more and more on present-day  aircraft  f o r  
lateral  con t ro l .   I n   o rde r   t o   i l l u s t r a t e   t he   va r i a t ion  of the  magnitude 
and dis t r ibut ion  of   the  addi t ional   loads on wings resu l t ing  from spo i l e r  
projection  with changes i n  angle  of  attack,  speed, and geometry  of t he  

of  the  results  of several of the  more recent wing  and spoi le r ,  some 
invest igat ions made  i n  
presented. 

t h e  Langley 7- by  10-foot tunnels w i l l  be 

COEFFICIENTS AND SYMBOLS 

CB wing bending-moment coef f ic ien t  , Wing bending moment 
qsb, 
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resultant  pressure  coefficient, 
1 

aspect  ratio, b2/S 

wing  span,  ft 

local  wing  chord  measured  in  planes  parallel  to  ‘wing  plane of ’ 

symmetry,  ft 

average  wing  chord, cy 4- C& 
2 7 ft 

flap  chord,  ft 

Mach  number 

static  pressure, lb/sq ft 

free-stream  static  pressure, lb/sq ft 

free-stream  dynamic  pressure, p V  1 2  , lb/sq ft 

wing  area, sq ft 

wing maximum thickness, ft 

free-stream  air  velocity,  ft/sec 

chordwise  distance  from  wing.leading  edge,  ft 

chordwise  distance  of  center  of  pressure  resulting  from 
control  deflection from wing  leading  edge,  ft 

spanwise  distance  from  plane of symmetry,  ft 

increment  resulting  from  control  deflection 

angle  of  attack  of  wing,  deg 

control  deflection 

sweep  angle,  deg 

taper  ratio;  ratio of tip  chord  to  root  chord,  ct/cr 
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1, 
P mass density of air, slugs/cu f t  1 Subscripts : 

1-  

CP center of pressure 

d def lec tor  

f f l a p  

U upper wing surface 
1 
i 

j' 2 lower wing surface 

1 

1 1 DISCUSSION 

In   f i gu re  1 are  shown the  model configurations and tes t  conditions 
for   the   inves t iga t ions  made i n   t h e  Langley 7- by 10-foot tunnels. A 
pressure-d is t r ibu t ion   inves t iga t ion   u t i l i z ing  a 300 sweptback-wing- 
fuselage model (model A )  having an aspect   ra t io   of  3 ,  a t a p e r   r a t i o  
of  0.5, and NACA 65AOO4 a i r f o i l   s e c t i o n   p a r a l l e l   t o   t h e   p l a n e   o f  symmetry 
was  made a t  a Mach number of 0.26 for  an  angle-of-attack  range  from -4' 
t o  24'.  The r i g h t  wing of the  model was equipped  with two of the  more 
common types  of  spoiler  controls,  a p l a in   spo i l e r  and a s p o i l e r   s l o t  
def lector .  These controls  were t e s t e d   f o r  a range  of  spoiler  projection 
from 0 t o  12 percent  of  the  local  chord and  a  range  of def lector   projec-  
t i o n  from 0 t o  9 percent  of  the  local  chord. The results of this inves- 
t igation  are  unpublished. 

Force tests were made on model B, an  unswept  semispan wing having 
an  aspect   ra t io  of 4, a t a p e r   r a t i o  of 0.6, and NACA 6 5 ~ 0 0 6   a i r f o i l   s e c -  
t i ons   pa ra l l e l   t o   t he   p l ane  of symmetry, through a Mach number range from 
0.62 t o  1.20 for   angles  of a t t ack  fr'om -4' t o  20'. Model B was equipped 
with a p la in   spoi le r  and a spoi ler   s lot   def lector ,   extending  f rom  the 
40- t o   t h e  97-percent-semispan  stations; tests were made for   spoi le r   p ro-  
jec t ions  from 0 t o  10 percent of t he   l oca l  chord  and for   def lector   pro-  
ject ions from 0 t o  7.5 percent  of  the  local  chord. The results of t h i s  
invest igat ion are published in   re fe rence  1. 

Force tests were a l so  made on a series of  unswept  untapered  semispan 
wings,  represented  by model C,  having  aspect  ratios  from 1 t o  6 and two 
a i r f o i l   s e c t i o n s ,  NACA 65AO04 and NACA 65~006, pa ra l l e l   t o   p l ane   o f  sym- 
metry. A p la in   f lap- type   spoi le r   p ro jec ted   to  a height of 7.5 percent 

the  wings through a Mach number range  from 0.6 t o  1.1 a t  angles of a t t ack  
from -loo t o  25O. These tests are also  unpublished. 

Bl 
1 

l chord was tested  a long the 40-, 60-, 80-, and 100-percentrchord  lines of 
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The  results  of  the  pressure-distTibution  measurements  taken  at  the 
six  spanwise  stations  on  the  right  wing  of  model A are  used  to  show,,  in 
figure 2, the  variation  of  the  wing-section  normal-force  coefficient  Cn 
with  spanwise  position y b 2 from  the  wing-fuselage  junction  to  the 
wing  tip  for  the  plain  wing  at  angles  of  attack  of 2O and 8O. The 
spoiler  was  projected  to 12 percent  of  the  local  chord  and  the  deflector 
was  projected  to 9 percent  of  the  local  chord.  At  both  angles,of  attack',; 
( 2 0  and 80),  projection  of  the  spoiler  slot  deflector  considerably 
decreased  the  loading  over  that  portion  of  the  wing  span  covered  by  the ?:':,, 

control. 

I /  

Inasmuch  as  the  incremental  loads  due  to  spoiler  projection,  that 
is,  the  differences  between  the  plain-wing  curves  and  the  curves  for 
the  spoiler  slot  deflector,  are of primary  interest,  the  incremental 
loadings  obtained  from  plots  similar  to  figure 2 have  been  normalized 
and  replotted  in  figure 3 to  show  the  variation  of  the  incremental  sec- 
tion  normal-force  coefficient  per  unit  incremental  wing  normal-force 

coefficient 

tion  to  the  wing  tip.  The  theoretical  curve  was  obtained  by  the  method 
of  DeYoung  outlined in references 2 and 3 for  flap-type  controls  having 
the  same  span  as  the  spoilers  of  model A on a wing  having  the  same  geo- 
metric  characteristics  as  the  wing  of  model A. Since  the  spoilers  are 
deflected  only  on  the  right  wing  of  model A, the  theoretical  curve  is 
the  average  between  the  curve  obtained  for  symmetrically  deflected  flaps 
and  unsymmetrically  deflected  flaps  from  references 2 and 3, respectively. 
The  experimental  points  denoted  by  the  circled symbols were  for  an  angle- 
of  -attack  range  from -4O to 6'. 

bnc 
e c a v  

with  spanwise  location  from  the  wing-fuselage junc- 

At  the  top  of  figure 3 are  curves  of  the  variations  of  the  incre- 
mental  wing  normal-force  coefficient  ACN  and  incremental  wing  bending- 
moment  coefficient ACB with  angle  of  attack  for  the  spoiler  slot 
deflector  projected  to  heights  of 12 and 9 percent  of  the  local  chord. . . 

In the  angle-of-attack  range  from -4' to 6O, there  is  an  increase  in 
both  the  incremental normal force  and  bending  moments  with  increase  in 
angle  of  attack  although  there  is  little  change  of  the  distribution  of 
'this  load  with  change  in  angle  of  attack  and  the  experimental  and  theo- 
retical  span  load  distributions  are  in  good  agreement  (fig. 3).  At 
angles  of  attack  above  about 60, there  is  separation  in  the  flow  over 
the  wing  near  the  wing  tip  and  the  inboard  end  of  the  spoiler,  and  the 
experimental  distributions  would  not  be  expected  to  agree  with  theory. 

The  chordwise  load  distribution  resulting  from  spoiler  projection 
will now  be  considered.  The  results  of  the  pressure-distribution  meas- 
urements  made  at  the  midsemispan  station  of  model A have  been  used  to 
show,  in  figure 4, the  chordwise  resultant  pressure  distribution  due  to 
two  types  of  spoiler  controls.  Figure 4 gives  the  variation  of  the 
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incremental  resultant  pressure  coefficient ~ D R  with  chordwise  loca- 
tion  x/c  expressed  in  terms of the  local  chord for plain  spoilers 
(denoted-by  solid  curves)  and  for  spoiler  slot  deflectors  (denoted  by 
the  dashed  curves).  These  data  were for an angle  of  attack of Oo. The 
projection  chosen  for  the  two  types  of  spoiler  controls  was  such  that 
they  gave  approximately  equal  section  normal-force  coefficients.  Because 
of  the  load  carried  on  the  deflector  itself  (fig. 4), which  is  located 
well  back on the  wing,  the  center  of  pressure for the  spoiler  slot 
deflector  is  behind  the  center  of  pressure  for  the  plain  spoiler.  Fig- 
ure 5 shows  the  variation of the  center-of-pressure  location of the  sec- 

tion  incremental  normal  force - with  span  for a plain  spoiler  pro- &CP 
C 

jected  to a height  of 12 percent  chord  and  for a spoiler  slot  deflector 
projected  to  heights of'l2 and 9 percent  chord  on  model A at  an  angle 
of  attack  of 00. The  center  of  pressure  for  the  spoiler  slot  deflector 
lies  along  approximately  the  43-percent-chord  line  across  the  wing  span 
and  the  center of pressure for the  plain  spoiler is from 10 to 30 percent 
further  forward  on  the  wing. 

Although  there  were  no  pressure-distribution  measurements  made  on 
model B to  obtain  the  variation  of  the  center-of-pressure  location 
across  the  wing  span,  the  results  of  the  force  tests  on  model B 'have 
been  used  to  show  (fig. 6) the  variation  of  the  center-of-pressure  loca- 
tion of the  incremental  wing  normal  force  with  angle  of  attack  at  Mach 
numbers  of 0.84 and 1.20. The  spoiler  was  deflected  to 10 percent  chord 
(see  solid  curves);  the  spoiler  slot  deflector  was  projected  to 10 and 
7.5 percent  chord-  (see  dashed  curves). 

The  results  shown  in  figure 6 indicate  that  the  center-of-pressure 
locations  of  the  incremental  wing  normal  force  are  about 10 percent 
further  forward  on  the  wing  for  the  plain  spoiler  than  the  center-of- 
pressure  locations  of  the  spoiler  slot  deflector  at all angles  of  attack 
at  the  Mach  nunhers  shown.  There  are  variations  in  the  centers  of  addi- 
tional  load  with  angle of attack;  however,  the  trends of this  variation ' 
for  the  two  types  of  spoilers  are  similar  at  the  Mach  numbers  shown  and 
at  the  other  Mach  numbers  investigated.  It  then  follows  that  the  results 
of force  tests  on  plain  spoilers  can  be  used  to  determine  the  center-of- 
pressure  location  of  the  incremental  normal  force  resulting  from  pro- 
jection  of  spoiler  slot  deflectors. 

Results  of  the  investigation  made  on  the  unswept  wings  denoted  by 
model C can  be  used  to  show  the  changes  in  the  chordwise  position  of  the 
center-of-pressure  Location  with  such  variables  as  wing  thickness,  wing 
aspect  ratio,  and  spoiler  chordwise  position.  The  data for the  aspect- 
ratio-6,  6-percent-thick  wing  have  been  used  to  show  (fig. 7) the  varia- 
tion  of  the  center-of-pressure  location of the  incremental  section  nor- 
mal force  with  Mach  number  at an angle of attack of Oo for  spoilers 

>~33 
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projected .to 7.5 percent  chord  and  located  along  the 40-, 60-, 80-, and 
100-percent-chord  lines  and,  for  comparison,  data  on a 23-percent-chord 
f lap-type  control  are  also  presented  (dashed  curve ) .. 

As  the  spoilers  move  rearward  on  the  wing,  the  center-of-pressure 
location  moves  toward  the  wing  trailing  edge  at  all  Mach  nunibers  tested. 
Although  there  is  little  variation  in  the  center  of  additional  load  with 
Mach  number  for  spoilers  located  along  the  80-percent-chord  line,  spoilers 
located  along  the  100-percent-chord  line  have  centers of pressure  that m e  
located  near  the  wing  trailing  edge  at  transonic  Mach  numbers  as  does  the 
plain  flap-type  control. In order  to  show  the  variation  of  the  center- 
of-pressure  location  with  Mach  number  at  other  angles  of  attack,  the  data 
for the  spoilers  located  along  the  80-percent-chord  line  have  been  plotted 
on  the  right-hand  side  of  figure 7 for  angles  of  attack  from 00 to loo. 
At  all  Mach  numbers  investigated,  the  center-of-pressure  location  moves 
toward  the  wing  trailing  edge  with  increase  of  angle  of  attack  up  to loo, 
and  limited  data  indicate  that  the  centers  of  additional  load  move  back 
toward  the  wing  leading  edge  with  further  increase  in  angle  of  attack. 

The  trends  shown  for  the  aspect-ratio-6,  6-percent-thick  wing  of 
the  variation  of  the  center-of-pressure  location  with  Mach  number  are 
similar  to  the  trends  found  for  other  wings  of  this  series.  The  varia- 
tion  of  the  center-of-pressure  location  of  the  incremental  wing  normal- 
force  coefficient  with  aspect  ratio  at  an  angle  of  attack  of Oo is  shown 
in  figure 8 for  spoilers  located  along  the 60-, 80-, and  100-percent- 
chord  lines of the 4- and  6-percent-thick  wings  at a Mach  number  of 0.80. 
The  dashed  curves  are  for  the  spoilers  on  the  4-percent-thick  wings  and 
the  solid  curves  are  for  the  spoilers  on  the  6-percent-thick wings. At 
all  aspect  ratios  investigated,  moving  the  spoilers  rearward  on  the  wing 
moves  the  center-of-pressure  location  toward  the  wing  trailing  edge. 
Although  there  is  little  variation of the  center-of-pressure  location 
with  aspect  ratio  for  spoilers  located  along  the  80-percent-chord  line 
on  either  the 4- or  6-percent-thick  wings,  the  center-of-pressure  loca- 

. tions  for  spoilers  on  the  4-percent-thick  wings  are  approximately 8 to 
10 percent  further  forward  on  the  wing  than  are  the  center-of-pressure 
locations  for  spoilers  on  the  6-percent-thick  wings. In order  to  show 
the  variation  of  the  center-of-pressure  location  with  aspect  ratio  at 
angles  of  attack  other  than Oo, the  data  for  spoilers  located  along  the 
80-percent-chord  line  on  the  6-percent-thick  wings  have  been  plotted  on 
the  right-hand  side  of  figure 8 for  angles  of  attack  from Oo to 10'. 
At  this  Mach  number  there  is  very  little  variation  of  the  center-of- 
pressure  location  with  aspect  ratio  at any angle  of.attack  up  to loo, 
although  the  center  of  pressure  generally  moves  forward  on  the  wing  with 
increase  in  angle  of  attack for the  spoiler  on  wings  having  aspect 
ratios  from 1 to 5. 
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It should  be  pointed  out  that  there i s  no known pure  theoret ical  
method f o r  determining  either  the magnitude or   the  point  of application 
of the  addi t ional  load due to   spo i l e r   p ro j ec t ion  on a given  wing. How- 
ever, i f  force tests on configurations  close  to  the  desired  configura- 
t i o n  are used t o   e s t i m a t e ' t h e  magnitude of  the  additional  load and i t s  
point of application, and i f  t h i s  load i s  dis t r ibuted  according  to   the 
theo re t i ca l  load d i s t r ibu t ion  of  flap-type  controls of the same span, 
the  additional  root  bending moment and wing twist ing moment can  be 
determined in   the  subsonic  and transonic speed  range at low angles  of 
a t tack  with a fa i r  degree  of  accuracy. 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee f o r  Aeronautics, 

Langley Field,  Va.,  April  26, 1955. 
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MODEL CONFIGURATIONS 
A 0 

Az3G K=3; 1.0.5 Azo"; A.4; 1.0.6 
NACA 65A004 NACA65A006 

M 0.26 M = 0.62 TO 1.2 
a=-4O TO 24" az-4" TO 20" 

8s.O TO 0.12C 8s.O TO 0.IOc 
8d.O TO 0.09C 8d.O TO 0.075C 

NACA RM L55E17a 

C 
AZO"; A.1 TO 6; X.I.0 

NACA 65A004 8 65A006 

n 
& 
""_ b""J ""- ""-a 

M = 0.6 TO 1.1 
a = -10" TO 25' 

8,=0.075~ 
SFOILER POSITION, 

0 . 4 ~  TO 1.0~ 

Figure 1 

SPANWISE  LOAD DISTRIBUTION  WITH  AND  WITHOUT  SPOILER 
MODEL A 

1 
0 

I I 
.5 1.0 
Y 

b h  
- 

Figure 2 
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SPANWISE ADDITIONAL  LOAD  DISTRIBUTION 
MODEL A 

ACnC 
ACNCav 

0 IO 20 
Q,DEG 

1.6 

- .4 

- .8 

- 1.2 
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I 

0 .5 
Y 

w2 

1.0 
- 

Figure 3 

CHORDWISE RESULTANT PRESSURE 
DISTRIBUTION DUE  TO SPOILERS 

MODEL A ; CY =Oo 

.8 - 

0 -  
""" 

1 
0 

I I 

.5 
x/c 

1.0 
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Figure 4 
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VARIATION OF LOCAL CHORDWISE CENTERS OF PRESSURE 
MODEL A; O=O' 

Axcp 
C 

.50 - 

40 - 

.30 - 

.20 - 

.IO - 

b 

0 
I 

. , .5 1.0 
Y 

b/2 
- 

Figure 5 

VARIATION OF CHORDWISE CENTERS OF ADDITIONAL LOAD 
WITH ANGLE OF ATTACK 

MODEL B 

I 

I I I 

-4 0 4 8 12 16 20 
I I I 

a, DEG 

Figure 6 
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VARIATION OF CHORDWISE  CENTERS OF 
ADDITIONAL  LOAD  WITH  MACH  NUMBER 

MODEL G ;  A = 6; t /C = 0.06 

POSITION 
SPOILER J 

C . 
.ER 

” 

L.E ‘2 6 k k ?  .7 .8 .9 1.0 1 . 1  

M 

r 
SPOILER AT . 8c  

DEG 
Q, 

.6 .7 .8 .9 1.0 1.1 
M 

VARIATION OF CHORDWISE CENTERS OF 
ADDITIONAL  LOAD  WITH  ASPECT RATIO 

MODEL G, M = 0.8 

t 
-(r a = o e  

TE’[ z . 0 6  
.04 

.8 c 

c. I? 
LOCATION OF 

. 8 C  

I 2 3 4 5 6  
’ ASPECT 

SPOILER AT . 8 C  
+=0.06 

I , I I I I 

RATIO 
1 2 3 4 5 6  
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Figure 8 
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